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Introduction
Two different types of experiments were performed: 
I) Ex situ (25 °C): XAS (Zr K edge + Ce L3 edge), XRD
II) In situ (25 °C – 250 °C, reduction in 2% H2/He):
XAS (Cu K edge ), TG/DSC, XRD
Steam Reforming:     CH3OH + H2O          3 H2 + CO2                   T = 250 °C  ;  p = 1 bar
Application:                H2 production for fuel cell application (e.g. in cars) [1]
Catalyst:                     Cu/ZrO2/CeO2








+ à coprecipitationStep 1:





X-ray fluorescence analysis (%) [2]BET area 






















- no systematic variation with Cu content
- samples > 5 % Cu show good long-term 
stability
- samples > 5 % Cu: after 5 days 










0 2 4 6 8 10 12 14 16 18

























- Cu2O detectable at high temperature during in situ XRD
- TG/DSC and position of edge during
XAS showed for samples with Cu >5%:
Reduction needs more time and ends at
higher temperatures with higher Cu content
- different amount of Cu-O in the reduced samples
à similar to Cu/ZrO2 where an amount of oxygen in the 
copper particles was found [4]
- highest oxygen content in CZC5 ßà highest PCO
à Possible to fit RDF of CZC5 with a combination of Cu 
and Cu2O
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Conclusions
• CZC5 shows different behaviour 
compared to the other CZC samples
ü more oxygen in the reduced sample
ü smaller Cu particles
ü stronger metal-support interaction
• XANES of Zr K edge and XRD indicate 
tetragonal structure
• low intensity of RDF at higher distances 
is indicative of a (Zr,Ce)O2 solid solution
• for samples with >5% Cu, the Cu content 
influences the duration of reduction
• increase in Cu content from 5 % to 15 % 
has a beneficial effect on the catalytic 





































- difference between 3rd and 4th Lorentzian
correlates with Ce-O distance [3]
à with lower Zr/Ce ratio a larger Ce-O 
distance is observed 
à good agreement with Vegard´s law
Zr - O Zr - Zr
- shape of the RDF in the region of 
3 – 4 Å does not correspond to that of 
CeO2 or ZrO2
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- only minor differences between the CZC samples
EXAFS
Zr K
-pre-edge feature is 
typical for tetragonal 
structure in ZrO2 [5]
Zr K
XANES
- fit of the 1st shell 
identified CuO
- XANES fit with 3 
Gaussian functions 
à log dependence of 




- different amplitudes in 1st shell
Furthermore, catalytic performance was investigated in a fixed bed reactor at 
atmospheric pressure.
